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Background. 1IL-6 is a proinflammatory cytokine that plays a critical role in host defense against tuberculosis (TB). Genetic
polymorphisms of IL-6 and its receptor IL-6R had been discussed in adult TB recently. However, their role in pediatric TB is still
unclear. Due to the obvious differences in TB pathophysiology in children, which may also reflect differences in genetic background,
further association studies in pediatric populations are needed. Methods. A case-control study was carried out in a Chinese pediatric
population including 353 TB patients and 400 healthy controls. Tag-SNPs of IL-6 and IL-6R genes were selected by Haploview
software, genotyped using MassArray, and analyzed statistically. Results. One polymorphism, rs2229238, in the 3’UTR region of
IL-6R was observed to be associated with increased resistance to TB (adjusted P = 0.03). The rs2229238 T allele contributed to a
reduced risk to TB in recessive heritable model (OR, 0.53; 95% CI, 0.35-0.78). Conclusions. By tag-SNP genotyping based case-
control study, we identified a genetic polymorphism in the IL-6R 3’UTR that regulates host resistance to pediatric TB in a Chinese

population.

1. Introduction

Caused by Mycobacterium tuberculosis (M. tuberculosis)
infection, tuberculosis (TB) remains to be a major global
public health concern. In China, the prevalence of TB is
1.08%o [1] in adults and 0.918%o [2] in children. Host genetic
factors play an essential role in determining TB susceptibility
or resistance [3]. Compared with adults, children present a
special risk group for TB due to rapid progression, significant
morbidity, and mortality [4-6]; thus, the genetic background
of pediatric TB might be quite different from adult TB. While
most of association studies have been focused on TB in adults,
childhood TB has been relatively neglected. Studies of TB
genetics in well-defined pediatric populations are therefore
needed.

As a major proinflammatory cytokine, Interleukin-6 (IL-
6) takes part in the protection from pathogens infection.
By binding to Interleukin-6 receptor (IL-6R), IL-6 triggers
the intracellular signaling cascade that leads to inflammatory

responses [7]. Elevated IL-6 from bronchoalveolar lavage
cells seemed to be biomarkers of noncavitary TB [8]. An
association study of genetic polymorphisms of IL-6 and its
receptor IL-6R had recently been conducted in a group of
Chinese population, suggesting a promoter polymorphism
in IL-6 associated with adult TB [9]. However, the potential
associations and molecular roles of IL-6 and IL-6R in reg-
ulating susceptibility or resistance to pediatric TB are still
undiscovered. As childhood TB seems to have more genetic
predisposition [5], we thus tried to discuss the associations
of IL-6 and IL-6R with Chinese pediatric TB by single
polymorphism genotyping (SNP) based case-control study.

2. Materials and Methods

2.1. Ethics Statement. Clinical investigation had been con-
ducted according to the principles expressed in the Decla-
ration of Helsinki. This research has been approved by the
Ethics Committee of Beijing Childrens Hospital. Written
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informed consent was obtained from all the participants or
their guardians in this research.

2.2. Study Sample. All the participants involved in this
research were Han ethnicity. The pediatric TB patients (n =
353) were newly diagnosed to be pulmonary TB (PTB,
pathological changes limited to lung) or extrapulmonary
TB (EPTB, pathological changes involving other tissues) by
at least two experienced pediatricians in Beijing Children’s
Hospital according to the pediatric TB clinical diagnosis
standard [10-13]. The diagnostic criteria of pediatric TB had
been described in our previous paper [14].

Participants of the control group (n = 400) were recruited
among those admitted to Beijing Children’s Hospital for
physical examination. All of them had negative tuberculin
PPD skin-test results (<5 mm) and no history of TB or HIV
infection and were matched with TB cases for age, sex, and
ethnicity.

2.3. DNA Extraction and Genotyping. Tag-SNPs of IL-6 and
IL-6R were selected following data release from Phase II
of the International HapMap project [15]. Sample based
genotypes were downloaded for all variants in genomic
regions including from 5,000 bp 5-prime upstream to 5000 bp
3-prime downstream of IL-6 and IL-6R independently.

Since the study populations under investigation were
from the Chinese population, downloaded genotypes were
restricted to those for the Han Chinese in Beijing, China
(CHB) population (http://hapmap.ncbi.nlm.nih.gov). Tag-
SNPs were selected using a pairwise tagging algorithm by
Haploview software (available at http://www.broadinstitute
.org/haploview), with a correlation coefficient (r2) exceeding
0.8 for all downloaded SNPs with minor allele frequency
(MAF) >5% [16]. Because the tag-SNP probabilities were
discrete, accordingly, functional ranking of tag-SNPs with the
same probability was used.

Blood samples from all participants were collected and
stored at —20°C. Genomic DNA was extracted from periph-
eral leukocytes by using a Genomic DNA Extraction kit
(QIAamp DNA Blood Mini Kit; Qiagen, Hilden, Germany).
MassArray (Sequenom, USA) was used for genotyping select-
ed tag-SNPs (Gabriel et al., 2009), and this assay was accom-
plished by Bio Miao Biological Technology (Beijing, China).
The primers were designed using iPLEX GOLD (Sequenom,
USA) [17].

2.4. Statistical Analysis. Statistical analysis was carried out
using the Statistical Package for SNP Stats software (http://
bioinfo.iconcologia.net/snpstats/start.htm) and PLINK soft-
ware (version 1.07) (http://pngu.mgh.harvard.edu/~purcell/
plink/). The Hardy-Weinberg equilibrium (HWE) was per-
formed using the SHEsis program (http://analysis.bio-x.cn/
myAnalysis.php). Chi-square tests were used for unordered
categorical variable. Significant differences were indicated by
a P value <0.05. Bonferroni correction for multiple testing
was used. Adjusted odds ratio (AOR) and 95% confidence
interval (CI) were calculated by logistic regression analysis.
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3. Results

3.1. Patients and Controls. The mean age was SD, 4.7; range,
2 months-16.5 years for TB patients and 6.1 years (SD, 3.8;
range, 3 months-17 years) for the non-TB control subjects.
TB cases in our research include 156 (44.2%) PTB patients
and 197 (55.8%) EPTB patients. Here, we also defined severe
TB (SeTB) to be patients with disseminated TB (DTB)
and tuberculosis meningitis (TBM), which both belonged
to EPTB but presented severe clinical manifestations and
usually poor outcomes. SeTB was identified in 81.2% of EPTB
cases (160/197). Detailed characteristics of study population
are shown in Table 1.

3.2. Selected Tag-SNPs. To conduct the association study,
gene polymorphisms were selected using the criteria men-
tioned above in Section 2. Thus, two IL-6 tag-SNPs and
ten IL-6R tag-SNPs were finally selected for genotyping. Of
the 2 selected tag-SNPs of IL-6, one existed in the near
5" of IL-6 (rs17147230) and another in the IL-6 promoter
region (rs1800796). The rs1800796 SNP is located in the
IL-6 promoter and has been thought to be associated with
adult TB in Chinese population recently [9]. The tag-SNP
rs17147230 was thought to be functionally associated with
plasma adrenomedullin levels by one research group [18].
Meanwhile, 10 tag-SNPs of IL-6R were included in our geno-
typing. Of the 10 tag selected SNPs of IL-6R, one (rs3887104)
is located in the promoter region, one (rs4845617) in
the 5-prime untranslated region (5'UTR), three (rs7411976,
rs4845618, rs4845626) in the intron region, two (rs2228145,
rs8192284) present to be missense SNPs in coding region
and other three (rs2229238, rs4072391, rs3828078) in 3-prime
untranslated region (3'UTR).

3.3. Genotyping and Genetic Analysis. Total selected 12 single-
nucleotide polymorphisms (SNPs) were genotyped. One SNP
(rs8192284) data was wiped off for nonspecific amplification,
according to the clustering performance. The rs4072391 SNP
was not in Hardy-Weinberg equilibrium (HWE, P = 0.013) in
the control group and thus was ruled out for further analysis.
The rest 10 tag-SNPs were in Hardy-Weinberg equilibrium
(HWE, P > 0.05) in the control group, which were sent to
further analysis. The genotyping results of detected SNPs are
summarized in Table 2.

Genetic association of rs2229238, an IL-6R 3'UTR SNP,
with TB disease was observed after an application of the
Bonferroni correction for multiple testing. The frequency of T
allele in TB group was significantly lower than that in control
group (OR: 0.57, 95% CI: 0.39-0.83, Bonferroni P = 0.033).
Genotypic distribution of rs2229238 also revealed significant
difference between TB group and control group (Bonferroni
P = 0.05). Further, a 2 x 2)” test was used by combining
different genotype combinations to test dominant (TC + TT
versus CC) and recessive (TT versus CC + TC) models of
inheritance. The OR for the T allele of rs2229238 as a possible
risk factor was 0.53 (95% CI: 0.35-0.78, P = 0.001) under a
dominant model and 1.13 (95% CI: 0.16-8.07, P = 0.9) under
a recessive model (Table 3(a)). Thus, a Mendelian dominant
trait of T allele was accepted for the inheritance pattern.
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TABLE 1: Demographic characteristics of study population.
Characteristic TB (n = 353) Control (n = 400) P
Gender
Male, 1 (%) 223 (63.2) 236 (59.0) 0.385°
Female, 1 (%) 130 (36.8) 164 (41.0)
Age
Mean year (SD) 5.7 (4.7) 6.1(3.8) 0.144*
TB type
PTB (%) 156 (44.2)
EPTB (%) 197 (55.8)
DTB 71
TBM 90
Abdominal TB 21
TBL 12
Bone or joint TB 2
Other EPTB

TB: tuberculosis; PTB: pulmonary tuberculosis; EPTB: extrapulmonary TB;

lymphadenitis. * P value was calculated by ¢ test.

To further examine associations of the rs2229238 poly-
morphism genotypes with different clinical forms of TB,
we compared PTB and EPTB subgroups with control
group independently (Table 3(b)). Both the frequencies of
rs2229238 T allele and rs2229238 TC + T'T combined geno-
types decrease progressively from controls to PTBs, then to
EPTBs. Significant differences of rs2229238 allele were found
between EPTB and controls (P = 0.003), but not between
PTB and controls (P = 0.109). The frequency of TC + TT
genotypes (T allele carrying) was significantly lower in EPTB
patients than that in controls (OR: 0.44, 95% CI: 0.26-0.74,
P = 0.0035), while the frequency of TC + TT genotypes was
not significantly lower in the PTB group than that in controls
(OR: 0.64, 95% CI: 0.39-1.06, P = 0.073).

4. Discussion

Unlike adults, children present rapid progression from a
recent infection towards disease and are vulnerable to
severe disease and death [4-6]. Certain pediatric TB reflects
Mendelian predispositions, while adult TB seems to be more
complex for genetic predisposition [5]. Studying the effects of
the candidate susceptibility genes on pediatric TB may aid in
the establishment of more efficient prevention of TB spread.
Interleukin-6 (IL-6) is a pleiotropic cytokine with impor-
tant roles in immunoregulation [7]. But the role of IL-6 in
limiting M. tuberculosis infection is still under discussion.
Recently, Zhang et al. [9] proved in a Chinese Han popu-
lation that an IL-6 promoter variation, which functionally
downregulated IL-6 producing, was protective against TB.
Elevated IL-6 from bronchoalveolar lavage cells seemed to be
a biomarker of noncavitary TB [8]. In mice, increased IL-6
level was found to be correlated with TB progression [19]. IL-6
could downregulate the microbicidal activity of macrophage
[20, 21]. But Ladel et al. [22] believed that IL-6 could play crit-
ical role in host resistance to M. tuberculosis infection that IL-
6 deficient mice had increased bacterial loads when infected

DTB: disseminated TB; TBM: tuberculous meningitis; TBL: tuberculous

by M. tuberculosis. Some other researchers demonstrated that
although IL-6 could induce early interferon-gamma produc-
tion in the infected lung and the absence of IL-6 led to a delay
in the induction of protective immunity with a subsequent
early increase in bacterial load, however, the absence did not
affect the induction of normal protective memory responses,
which means IL-6 might not be required for generation of
specific immunity to M. tuberculosis infection [23].

As the receptor of IL-6, IL-6R plays an important role
in IL-6 signaling cascade [7]. IL-6 acts through binding
specifically to the IL-6R to form a complex, and then this
complex binds to the ubiquitousgpl30 subunit to trigger
intracellular signaling. IL-6R could be expressed both in
membrane-bound form and a cleaved soluble form of IL-
6R (sIL-6R). Increased level of sIL-6R has been reported
in immune-related diseases, such as diabetes and allergic
asthma [24, 25]. IL-6R controls lung CD4"CD25"Foxp3*
regulatory T cells (Treg) development, with sIL-6R regulating
Th2 cell functions in CD4*CD25" effectors T cells lacking
mIL-6R and mIL-6R controlling cell fate at the beginning of
T-cell differentiation by directing CD4" naive cells toward
Th2 pathways and inhibiting Treg differentiation [26]. The
imbalance between effectors T cells and Tregs was also
thought to play an important role in TB etiology [27].

In this study, we try to illustrate the association of IL-
6 and its receptor IL-6R with pediatric TB by tag-SNP
genotyping. A tag single-nucleotide polymorphism (SNP)
is representative SNP in a region of the genome with high
linkage disequilibrium (the nonrandom association of alleles
at two or more loci). It is possible to identify genetic variation
without genotyping each SNP in a chromosomal region.
Tag-SNPs are useful in gene association studies. Previously,
rs1800796 (—572 C/G) of IL-6 was detected to be associated
with adult TB and the regulatory effects of this SNP on IL-6
production in plasma and CD14" monocyte cultures stimu-
lated with a M. tuberculosis product were also conformed [9].
CD14" monocytes with rs1800796 GG genotype produced
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TaBLE 3: Comparing rs2229238 polymorphisms in controls with those in TB cases.

(a) Analysis of the inheritance models of IL-6R rs2229238 polymorphism in the combined samples

Model Genotype TB (n, %) Control (1, %) P value OR (95% CI)
Dominant cC 309, 875 314,78.7 0.001 0.53 (0.35-0.78)
TC+TT 85,21.3 44,12.5
Recessive CC+TC 331, 99.4 397,995 0.9 113 (0.16-8.07)
TT 2,0.6 2,0.5

(b) Comparison of the genotypes and alleles distribution in different patient subgroups stratified by diagnosis

Genotype (1, %)

Allele (1, %)

Subjects (n)" P! OR' (95% CI) P? OR? (95% CI)
TC+TT CC T C

Control (400) 85,213 314,78.7 — 87,10.9 711, 89.1 —

TB (273) 44,125 309,875  0.004  0.53(0.35-0.78) 46,65 660,935  0.003  0.57(0.39-0.83)

PTB (156) 23,14.7 133,853  0.073  0.64 (0.39-1.06) 24,77 288,923 0109 0.68 (0.42-1.09)

EPTB (197) 21,10.7 176,893  0.004  0.44 (0.26-0.74) 22,56 372,944  0.003  0.48(0.30-0.78)

*PTB: pulmonary tuberculosis; EPTB: extrapulmonary. ' P value and OR (95% CI) of 2x 2 x? test for dominant inheritance of T allele; * P value and OR
(95% CI) of 2 x 2 XZ tests for allele. 'OR (95% CI) for dominant inheritance of T allele. 2OR (95% CI).

less IL-6 in response to M. tuberculosis 19 kDa lipoprotein
than those with CC or CG genotype. To our surprise, we
did not find this potential association of rs1800796 with TB
in our pediatric group. This might depend on the genetic
and clinical differences between TB on set childhood and
adulthood as we have described above. Another possibility
of this inconformity might be due to different genetic back-
grounds between two populations: our samples are mainly
from North China, while Zhang’s samples are from South
China. We noticed that the G allele frequencies between these
two researches are obviously different. In Zhang’s research,
the allele frequencies of rs1800796 G are 26.1% in controls and
21.3% in cases, while in our research, these frequencies are
34.4% and 33.7% independently.

Our results indicate that a 3'UTR polymorphism vari-
ation within IL-6R, rs2229238, contributes to pediatric TB
resistance. The data showed that both the frequencies of
rs2229238T allele and rs2229238 TC + TT combined geno-
types decrease progressively from control to PTB, then to
EPTB. As we know, to children, most of EPTB are devel-
oped from PTB, which means the rs2229238 SNP might
contribute to TB disease progression. Unlike adults, pediatric
EPTB usually presents more serious and complicated clinical
symptoms and also poor outcomes. In our research, SeTB,
which presents severe clinical manifestations, was identified
in 81.2% of EPTB cases. Thus, rs2229238 T allele might protect
children from both TB on set and disease progression.

Previously, in analyzing the potential genetic associations
between four polymorphisms of IL-6R and atherosclerotic
lipid profiles among young adolescents in Taiwan, Chu et al.
[28] found the IL-6R rs2229238 C/T variants being associated
with dyslipidemia in girls. By screening the association of
eleven IL-6R gene variants with type 2 diabetes in Northern
European Caucasian and African American ethnic groups,
Wang et al. [24] identified the rs2229238 polymorphism in the
3"UTR showing a trend to an association with type 2 diabetes
in a Caucasian population (P = 0.055). But no association

study of rs2229238 C/T variants with pediatric TB has been
confirmed before.

One weakness of this study is that we did not investigate
how rs2229238 C/T was functionally involved in the suscep-
tibility and development of TB. In the future, we could try to
do some functional studies, for instance, to discover whether
different alleles of this SNP differ in IL-6R expression.

5. Conclusion

In conclusion, we discussed the associations of IL-6 and IL-
6R SNPs with TB in a Chinese pediatric population and
identified rs2229238 T allele presenting a protective role in
both pediatric TB on set and disease progression. Additional
studies are warranted to test out result in other pediatric
populations.
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